The composition of carcass and noncarcass tissue growth was quantified by serial slaughter of 26 Angus x Hereford crossbred steers (initial age and weight 289 rt 4 d and 245 f 4 kg) during continuous growth (CON) or compensatory growth (CG) after a period of growth restriction (.4 kg/d) from 245 to 325 kg BW. AU steers were fed a 70% concentrate diet at ad libitum or restricted levels. Homogenized samples of 9-10-11th rib and noncarcass tissues were analyzed for nitrogen, fat, ash, and moisture. Growth rate from 325 to 500 kg BW was 1.54 and 1.16 kg/d for CG and CON steers. The weight of gut fill in CG steers was 10.8 kg less (P < .05) before realimentation and 8.8 kg more (P < .lo) at 500 kg BW than in CON steers. The allometric accretive rates for carcass chemical components relative to the empty body were not affected by treatment. However, the accretive rates for CG steers were greater (P .01) for noncarcass protein (321 vs .265), noncarcass water (.861 vs .507), and empty-body protein (A35 vs. .601) than for CON steers. Final empty-body fat was lower (P < .001; 24.2 vs 32.4%) and empty-body protein higher (P < .001; 16.6 vs 14.8%) in CG steers than in CON steers. Consequently, net energy requirements for growth (NEE) were approximately 18% lower for CG steers. We conclude that reduced Mg requirements and changes in gut fill accounted for most of the compensatory growth response exhibited in these steers.
lntroductlon
Modification of nutritional inputs to manipulate carcass composition in ruminants has been the focus of numerous research efforts. Although several studies have found composition of the carcass (Murray et al., 1975) and empty body (Jesse et al.. 1976 ) to be independent of nutritional influences at a constant BW, it is now well established that increases in dietary energy intake can enhance the proportion of fat deposited in the carcass (Keane et al., 1990) or empty body (Forth et al., 1980) . The existence of an interaction between plane of nutrition and mature size (Robelin and Geay, 1984; Tatum et al., 1988) would seem to explain some of the inconsistencies in earlier studies.
The NRC (1984) has recommended that net energy requirements for growth be reduced by 11.4% for cattle exhibiting compensatory growth, implying leaner tissue growth, although evidence to support this recommendation is mixed. Data presented by Smith et al. (1977) and Mader et al. (1989) support the NRC implication that carcasses from cattle that have undergone compensatory growth are leaner. Fox et al. (1972) and Rompala et al. (1985) , however, found that the empty body composition of steers at final slaughter weights was unaffected by a period of growth restriction, although in both studies a transitory increase in leanness was noted during the early phase of compensatory growth. Inconsistent with the NRC's recommendation, Tudor et al. (1980) and Abdalla et al. (1988) noted that steers undergoing compensatory growth deposited proportionately more fat in the carcass compared with continuously fed controls.
In view of these conflicting results, a serial slaughter experiment was conducted to determine the effects of a nutritionally imposed period of growth restriction on the changes in physical and chemical components of the empty body in early-maturing beef steers.
Materials and Methods
Cattle and Diet. Twenty-six Angus x Hereford crossbred steers were weaned in October at 233 f 4 d of age weighing 193 f 2 kg and were slowly adapted to the expenmental diet (Table 1 ) during a 56-d period. Calves were castrated and immunized before weaning. Anabolic implants and nonnutritive feed additives were not used in this study.
Upon initiation of the experiment the steers weighed 245 f 4 kg.
Experimental Design. Steers were randomly allotted to either continuous growth (CON) or restricted/compensatory growth treatments (CG). Within treatment, steers were randomly allotted to one of four serial-slaughter groups (n = 3, except the fourth slaughter groups in which n = 5). The experimental diet was individually fed (once daily) to CG steers at restricted levels to limit growth to .45 kg/d. Feed intakes were adjusted every 2 wk to maintain the projected growth rate. Problems were encountered with acidosis and bloat during the 3rd mo of growth restriction (two CG steers died); thereafter, CG steers were fed twice daily. The experimental diet was available on an ad libitum basis to CON steers as one group throughout the experiment. At approximately 325 kg live weight (189 d of growth restriction), CG steers were realimented to ad libitum intakes. During the early phase of realimentation, steers were fed three times per day and maximal increases in feed offered were limited to .8 kg/d. Slaughter Procedures. Steers were weighed the morning of slaughter without prior removal of feed or water to obtain full-body weights (FBW). Steers were stunned with a captive bolt gun and exsanguinated. Hide, head, and shanks were removed and their weights were "RMP steel, m a s city, MO. recorded. After evisceration, the rumen-retialum, omasum, and abomasum were separated from the lower gastrointestinal tract, opened, and flushed of digesta with water. The cecum and small and large intestines were cut into small segments and physically stripped of contents. The empty gastrointestinal tract (fat tissues included) was weighed as one component. Weights were also recorded for warm carcass (kidneys included), liver, and heartlung-trachea (pluck). The weight of blood could not be measured at slaughter and was thus estimated using the data of Moulton et al. (1922) . Empty-body weight (EBW) was considered as the sum of the carcass, empty gastrointestinal tract, and other noncarcass component weights, as well as the estimated weight of blood. The weight of gut contents was determined to be the difference between FBW and EBW.
Tissue Preparation and Chemical Analyses.
After a 24-h chill (2'0, the 9-10-11th rib was removed from the left carcass side as described by Hankins and Howe (1946) . After physical separation of bone, rib soft tissue was ground and mixed using a 35-liter Meissner bowl c h o p # . Duplicate subsamples (50 g) were collected, weighed, and stored frozen (-20'0 pending their chemical analyses.
All nmcarcass components, with the exception of hide, were immediately sealed in plastic bags at slaughter to prevent moisture loss, frozen, and later ground (five times) through a grinde9 equipped with a 19-mm aperture plate. Duplicate subsamples (500 g) were collected, weighed, and stored frozen pending chemical analyses. Duplicate hide samples (100 g) were collected from the mid-sides of each steer, and also weighed and frozen for subsequent chemical analyses.
Moisture content for all three tissues (rib soft tissue, noncarcass, and hide) was determined by lyophilization to a constant weight. To further reduce particle size, rib soft tissue and noncarcass tissue were ground with dry ice in a Wiley mill equipped with a 2-mm aperture screen. Dried hide samples were ground with dry ice using a centrifugal grinding mill6 equipped with a .5-mm aperture sieve. Chemical analyses were performed in a similar manner (AOAC, 1980) for all three samples.
Fat content of samples was determined on duplicate 2-g samples as the difference in dry weight before and after extraction with pentane for 18 h. Crude protein content (N x 6.25) was determined on duplicate .5-g samples by a micro-Kjeldahl procedure. Ash was determined on duplicate 1-g samples by incinerating for 24 h at 55072 in a muffle furnace.
The chemical analyses of 9-10-11th rib soft tissue was used to estimate chemical composition of carcass soft tissue (Hankins and Howe, 1946) . The weight of carcass bone was estimated from rib bone weights also in accordance with the methods of Hankins and Howe (1946) . To estimate carcass bone composition, the chemical analyses of bone from the data of Moulton et al. (1922) were used. Statistical analysis of the data of Moulton et al. (1922) revealed that composition of bone was independent of level of nutrition (P > .20).
Average water, fat, nitrogen, and ash content of bone from the trial of Moulton et al. (1922) Harvey's (1975) least squares proce dures. The effect of treatment on accretive rates of the chemical components of the carcass, noncarcass, and empty body was evaluated by testing for homogeneity of the b coefficients using ANOVA procedures (Snedecor and Cochran, 1967) . The b coefficients were also analyzed (t-test) to determine whether they were greater or less than 1.
To determine whether compositional differences existed, the weights of chemical components were adjusted using covariance procedures to common EBW of 290 (initial) and 450 kg (final) . A common regression slope (b coefficients) was used if a significant treatment difference was not detected (I' > .lo). The a coefficients were subsequently tabulated from their respective slopes when different (P < .lo) and to a common slope when not different.
The SE used in t-tests to evaluate treatment differences in adjusted means were calculated as follows (Snedecor and Cochran, 1967) : One of the central assumptions in this type of analysis is that b is constant at all points along the weight interval being examined. To test this assumption, a second analysis was performed using the following model: Y = aXb.loCx, as described by Notter et al. (1983) .
This analysis was used to determine whether b varied in a linear manner with respect to independent variates (i.e., that b = b + cx).
Linear effects of independent variates on allometric growth coefficients were not found (P > .lo); therefore, all analyses presented were derived using Huxley's (1932) original model (Y = a b ) .
Results and Discussion
Feedlot Performance. steers. For the steers slaughtered at 500 kg, daily gain from 325 kg was 37% greater (P < .05) for CG steers, even though it would seem that average DMI were not different.
Full-body, Empty-hiy, and Hot-carcass Weights. Actual means for FBW, EBW, hotcarcass (HCW), and gut-fill weights are presented in Table 3 for each slaughter group.
The larger (P < .05) b coefficients for both EBW and HCW than for FBW in CON steers (Table 4 ) reveal treatment differences in the (Table 4 ). In addition, the b coefficient was significantly greater than 1 for CON steers but not for CG steers, which suggests that the growth of noncarcass tissues relative to EBW was greater during compensatory growth. Hotcarcass weights as a proportion of EBW, however, were not different (Table 5) . Therefore, the difference in dressing percentage at 500 kg FBW (59.7 and 57.8% for CON and CG steers, respectively) was primarily due to differences in the weight of gut fill. Smith et al. (1977) 
dStandard m o r of b.
%CW = hot-carcass weight. kemainder = head and shanks. 8Pluck = heart, lungs, and trachea.
%IT = cmpty gastrointestinal tract (fat tissue included).
*P < .05. *+*P < .001.
(P < .OS) and to a common slope when not different tP < .lo. tP < .lo. *P < .05. ***P < .001. CG steers were 23% heavier (P < .05) than those of CON steers, which was indicative of a higher growth rate maintained by CG steers throughout realimentation ( Table 5 ).
The relative growth rate of pluck (heart, lung, and trachea) tended to be greater (P < .lo) in CON steers. No differences were detected, however, in adjusted weight of pluck at 290 or 450 kg EBW. Relative growth rates of hide, remainder (head and feet), and empty gastrointestinal tract, as well as the covariately adjusted weights for these components at 290 and 450 kg EBW, were unaffected (P > .lo) by treatment. Murray et al. (1977) and Johnson et al. (1987) found that a period of growth restriction reduced the total weight of fattrimmed gastrointestinal tract tissue by 12 and 18%. respectively. In the current experiment, however, fat tissues were not separated from the empty gastrointestinal tract, precluding direct comparison of results. Total weight of empty gastrointestinal tract (fat included) was unaffected by level of feeding, both before and after realimentation.
Chemical Accretive Rates. A 6-mo period of growth restriction affected the rate at which protein in the empty body was deposited from 325 to 500 kg FBW ( Table 6 ). The accretive rate (b coefficient) for empty-body protein was higher (P < .01) in CG steers than in CON steers, whereas accretive rates were not significantly different for empty-body water, ash, or fat, although the accretive rate for empty-body water approached significance (P = .12).
Published data comparing the accretive rates of empty-body chemical components between continuous and Compensatory growth in cattle are unavailable. However, several serialslaughter experiments have been conducted with sheep comparing growth patterns during continuous growth and compensatory growth (Table 6) and compensatory-growth lambs (Butler-Hogg, 1984) reflect hypertrophy of visceral organ tissues upon realimentation after a period of growth restriction (Johnson et al., 1987) and would suggest an obligatory role of noncarcass protein accretion during accelerated growth. The results of Leymaster and Jenkins (1985) , who examined the variability in growth rate of ram lambs as affected by accretive rates of carcass and offal lipid, protein, and ash, would support this observation in that they were able to demonstrate, using path coefficient analysis, that of the six compositional accretive rates examined, the offal protein accretive rate was most important in accounting for phenotypic variation in growth rate.
The accretive rates for empty-body chemical components from the present experiment are compared with those of similar experi- Composition. Covariately adjusted weights of protein, fat, and moisture were examined at 290 kg EBW to determine the impact of level of nutrition on compositional changes in noncarcass and carcass tissues ( Table 8) . As a result of growth restriction, CG steers at 290 kg EBW had more protein (P < .05 and water (P < .OS) in the carcass and less protein (P < . 0 1 ) in noncarcass tissues than CON steers.
Consequently, the effect of growth restriction on total empty-body protein at 290 kg EBW was minimal. Lipid was reduced (P < .001) in noncarcass tissues, as well as in carcass tissues (P < .OS) of growth-restricted steers. Both empty-body water (P < .001) and ash (P < .05)
were higher in growth-restricted steers. The impact of plane of nutrition was more evident in noncarcass than in carcass tissues, as has been demonstrated by Beranger and Robelin (1977) . Nutritional restriction reduced noncarcass fat and protein by 37 and 14%. respectively, whereas in the carcass, fat was reduced by only 20% and protein actually increased 10% (TabIe 8). Murray et aL (1975 Murray et aL ( , 1977 also demonstrated a differential response of carcass and noncarcass tissue to plane of nutrition. They examined the chemical composition of the carcass (Murray et al., 1975) and dissected offal compents (Murray et al., 1977) in growing A n g u s steers placed on either a high (.8 kgld) or low (.4 kg/d) plane of nutrition. Chemical composition of carcass tissue was unaffected by plane of nutrition, yet the weight of fat associated with abdominal organs was reduced by 21%, whereas the weight of the total fat-trimmed gastrointestinal tract was reduced by only 12% in cattle on the low plane of nutrition.
The existence of a differential response to nutritional plane by carcass and noncarcass tissues would perhaps explain some of the inconsistencies in the literature concerning nutritional modification of body composition at a constant weight. In several studies that found composition to be independent of plane of nutrition, only carcass compositional measurements were made (Murray et al., 1975) or carcassdensity measurements were used to estimate empty-body composition (Old and Garrett, 1987) , thus nutritional effects on noncarcass composition may have been overlooked. This would not, however, explain the experiments of Reid et al. (1968) and Jesse et al. (1 976) , who directly measured empty-body composition and found no differences due to plane of nutrition.
The extent to which composition of the carcass and(or) empty body is modified by nutritional means is also influenced by cattle type (mature size, age, and sex). More pronounced compositional changes have been found in early-maturing cattle, which have a higher propensity to fatten, than in later maturing cattle, which have a higher propensity to deposit protein (Robelin and Geay, 1984) . Moreover, Tatum et al. (1988) found that the response of carcass composition to dietary level (forage, ME = 2.06 Mcavkg; silage, ME = 2.46 Mcalkg; grain, ME = 3.03 McaVkg) varied by mature size. Within smallframed steers, compositional differences were reported between foragefed and silage-fed steers only, whereas within large-framed steers, differences were found only between silage-fed and grain-fed steers.
Efect of Compensatory Growth on Body Composition. Steers that exhibited compensatory growth deposited significantly more protein, water, and ash and less fat in both the noncarcass and carcass tissues than did CON steers at 450 kg EBW (Table 8) . On an EBW basis, CG steers contained 12, 11, and 16% more protein, water, and ash, respectively, and 25% less fat than CON steers. At 450 kg EBW, empty-body fat was 32.4 and 24.2% and empty-body protein was 14.8 and 16.6% for CON and CG steers, respectively. Thus, the carcass compositional differences imposed by nutritional restriction were maintained throughout the compensatory growth phase of the experiment, as evidenced by the similarity of accretive rates for the chemical constituents of the carcass during continuous and compensatory growth. In contrast to carcass, compositional changes in noncarcass tissues during compensatory growth were more dynamic. Relative to the continuous growth phase, the quantity of noncarcass protein was 14% lower at the start of realimentation and 10% higher at the end of the compensatory growth phase (Table 8) . Smith et al. (1977) found that steers fed a high-concentrate diet continuously deposited more carcass fat than cattle that were backgrounded before being fed the same highconcentrate diet. Likewise, Mader et al. (1989) found that heifers backgrounded on highroughage diets before being fed a highconcentrate diet had heavier carcass weights when adjusted to a common fat thickness end point than control cattle fed the highconcentrate diet continuously. Collectively these studies support the findings of the present experiment, yet both Fox et al. (1972) with Hereford steers and Rompala et al. (1985) with Charolais and Simmental steers demonstrated that enhanced lean-tissue growth during compensatory growth was transitory. The compensatory-growth steers of Fox et al. (1972) were leaner than controls at 364 kg live weight but were similar in composition at a final slaughter weight of 454 kg. Likewise, Rompala et al. (1985) found that steers realimented at 200 kg EBW after a 70-d period of weight maintenance deposited more protein than continuousgrowth steers up to 300 kg EBW and thereafter deposited more fat, such that at 500 kg EBW no compositional differences were found. Earlier studies have also found carcasses of unrestricted steers to be similar in composition to carcasses from compensatory-growth steers (Winchester and Howe, 1955; Winchester and Ellis, 1957) .
On the other hand, Tudor et al. (1980) found that when 4-d-old Hereford calves were restricted in growth for 200 d before realimentation on a highquality diet, significantly more fat was deposited in the empty body compared with that of unrestricted calves. Similarly, in an experiment using 5 6 d d d Holstein steers, Abdalla et al. (1988) reported increased carcass fatness in steers that were fed a proteindeficient diet for 210 d before realimentation on a highenergy diet.
The apparent inconsistencies in results from the present experiment and those from literature cited above implicate degree of maturity at the point of growth restriction as an important determinant directing compositional changes that occur during compensatory growth. In experiments that reported increased protein deposition during compensatory growth (Smith et al., 1977; Mader et al., 1989 ; the present experiment), initial ages of the cattle were 9, 8, and 9.5 mo, respectively, whereas in the experiments that found increased fat deposition during compensatory growth (Tudor et al., 1980; Abdalla et al., 1988) , initial ages were 4 and 56 d, respectively. In the studies of Winchester and coworkers (1955, 1957) , Fox et al. (1972), and Rompala et al. (1985) , which found similar composition between continuous-and compensatory-growth steers, initial live weights (ages not given) were 152, 88, 238, and 245 kg, respectively.
Supporting this postulate are results from Thomton et al. (1979) . who examined compensatory growth patterns following a 25% weight-loss period in immature (23 kg) and mature (43 kg) lambs. Although not different statistically, the authors noted that empty-body composition of compensatory-growth lambs tended to be fatter (44.6% empty-body fat) when the weight-loss period started at 23 kg BW, whereas the compensatory-growth lambs tended to be leaner (38.7% empty-body fat) than continuously fed control lambs (42% empty-body fat) when the weight-loss period started at 43 kg BW. Mature lambs had larger lipid reserves at the start of the weight-loss period than immature lambs, and, consequently, fat:protein ratio of carcass tissue loss was 5.3 and 1.4 for mature and immature lambs, respectively. The loss of these lipid reserves was found to involve only cellular atrophy in mature lambs but both cellular atrophy and hypoplasia in the immature lambs.
Thus the severity of growth restriction is greater when the period of growth restriction is imposed at an earlier stage of maturity when the impetus for lean tissue growth is higher. It is apparent from the aforementioned studies that as the severity of growth restriction increases, there is a tendency for lean tissue growth to be reduced and fat tissue growth to be increased during the growth compensation
period.
A reduction in the energy content of tissue growth (increase in 1ean:fat ratio) on resump tion of full feeding after a period of growth restriction is one mechanism whereby animals are able to exhibit compensatory growth (Wilson and Osboum, 1960) . Thus, the degree to which growth patterns are modified because of growth restriction will affect the growth response during compensation relative to the growth rate of continuously fed cattle. In the present experiment, a 6-mo period of growth restriction (.4 kg/d) resulted in significantly more protein and less fat being deposited, such that at 450 kg EBW the empty-body fat was reduced by 25%, an4 as a result, absolute growth rates from 325 to 500 kg FBW were increased 37% in CG steers. When the energy content of tissue growth was not altered to a significant degree during compensatory growth, such as in the study of Rompala et al. (1985) , the relative growth response during the compensation period was minimal (ADG during compensatory growth was only 3% greater than during continuous growth). Likewise, when steers were restricted in growth at an earlier stage of maturity (Tudor et al., 1980) , resulting in more fat tissue growth during the compensation period, growth rates were reduced 9% compared with continuously fed steers.
Net Energy Requirements for Growth. The first derivative of the allometric equations presented in Table 6 provides estimates of the amounts of each respective component deposited per kilogram of EBW at any give EBW. Estimates of net energy requirements for growth (NEg) can thus be calculated by multiplying empty-body protein and fat contents (g/kg of EBW) by respective energy coefficients for protein and fat, 5.64 and 9.39 k c d g (ARC, 1980). Estimates for NEg calculated in this manner for 400 kg EBW were 5,722 and 4,694 kcalikg EBW gain for CON and CG steers, respectively. Thus, NEg requirements were reduced 18% during compensatory growth as a result of changes in the composition of empty-body tissue, which supports the NRC's (1984) recommendation to reduce NEf fcyuirements by 11.4% for feedlot cattle exhlbihng compensatory growth. Although the results of this trial demonstrated that an increase in gut-fill weight and a reduction in energy content of tissue growth (both noncarcass and carcass) contributed to growth compensation, the results do not preclude the possible involvement of other mechanisms such as increased feed intake, % l e a coefficients represent individual group values that were tabulated with theii respective slopes when different < .OS) and to a common slope when not diEerent cStandard error of b. t P < .lo. *P < .os. **P < .01.
reduced maintenance requirements, and(or) improved net efficiencies of ME use for growth (Fox et al., 1972; Carstens et al., 1989) in accounting for the compensatory growth phenomenon in cattle.
Chemical Composition on a Fat-free Basis. Fat is the most variable component of the empty body (Robelin and Gay, 1984) , and thus it is useful to examine compositional growth data on a fat-free as well as a whole body basis. Expressed relative to fat-free mass (FFM), the accretive rates for protein, water, and ash were more homogeneous (Table 9) than the respective accretive rates relative to the whole-empty body, yet the accretive rate for empty-body protein was still greater (P < .05) during compensatory growth. As with the empty-body protein accretive rates relative to EBW, the difference in the accretive rates of empty-body protein relative to FFM was due to a greater (P < .Ol) accretion of noncarcass protein in steers exhibiting compensatory Eliminating variation attributable to fat failed to remove the effects of growth restriction on compositional differences in noncarcass tissues (Table 10 ). The noncarcass protein content relative to FFM was lower (P < .01) growth.
because of growth restriction and higher (P < .05) at the end of the compensatory-growth phase compared with the composition of CON steers. These differences in protein content reflect the dynamic growth responses of visceral organs to dietary energy intake (John- son et al., 1987) . Empty-body protein adjusted to a FFM of 220 kg was also reduced (P < .01) as a result of growth restriction, but no differences were detected in empty-body protein, water, m ash at 340 kg FFM. 
